Western Michigan University

ScholarWorks at WMU
Paper Engineering Senior Theses

Chemical and Paper Engineering

12-1983

Effects of Ultrasonic Vibration on a Coating Slurry as It Dries on
the Sheet
Craig N. Husted
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses
Part of the Wood Science and Pulp, Paper Technology Commons

Recommended Citation
Husted, Craig N., "Effects of Ultrasonic Vibration on a Coating Slurry as It Dries on the Sheet" (1983).
Paper Engineering Senior Theses. 210.
https://scholarworks.wmich.edu/engineer-senior-theses/210

This Dissertation/Thesis is brought to you for free and
open access by the Chemical and Paper Engineering at
ScholarWorks at WMU. It has been accepted for inclusion
in Paper Engineering Senior Theses by an authorized
administrator of ScholarWorks at WMU. For more
information, please contact wmuscholarworks@wmich.edu.

'FFECTS OF ULTRASONIC VIBRATION
ON A COATING SLURRY
AS IT
DRIES ON THE SHEET

A thesis submitted in partial fulfillment
of the course requirements for the
Bachelor of Science Degree
in Paper Science
Paper 470, 471

by
Craig N. Husted

Western Michigan University
Kalamazoo, Michigan

December, 1983

ABSTRACT

This thesis involves a study of the reaction of coating
pigment slurries to ultrasonic vibrations during drying on a
sheet of paper.

The coating was done with a Meyer Rod and

immediately transferred to the surface of a loudspeaker appara
tus until dry.

Several different coating formulations were

used and evaluated with and without ultrasonic agitation.
These coatings include combinations of #2 clay, delaminated
clay, titanium dioxide, calcium carbonate, and polystyrene
plastic pigment.

Frequencies of 25,000 Hz and 42,000 Hz were

used as well as the control group which was not treated.

The

amplitude was the highest attainable with the frequency genera
tor alone.

A proposal of this thesis is that the orientation

and void volume of the pigment/binder slurry will be affected
by the agitation, as well as increased binder migration.
Several properties of the sheet were analyzed and compared
· to theoretical responses.
The coated sheets were evaluated for coat weight, gloss,
smoothness, K & N ink test, brightness, and opacity.· The gloss
and smoothness tests showed the largest responses.

A binder

migration toward the surface upon ultrasonic treatment showed
a decrease in gloss.

Smoothness increased due to increased

parallel orientation of the pigments to the sheet.

KEYWORDS

coating, particle, orientation, ultrasonics, packing, void
volume, binder migration

-·i-

TABLE OF CONTENTS
Page
ABSTRACT

i

KEYWORDS

ii

INTRODUCTION .

·l

THEORETICAL DISCUSSION .

2

EXPERIMENTAL PROCEDURE

7

Summary of Coating Mixtures used.

8

RESULTS, CONCLUSIONS AND RECOMMENDATIONS . .

11

. . . . . . .

25

LITERATURE CITED . . . . . . . . . . . . . .

29

APPENDIX . . . . . . . . .

INTRODUCTION
We can control coating characteristics by changing the
formulation, application or base stock.

But after applying

a coating about all we can do is change the drying or calen
dering conditions.

Here it is proposed that ultrasonic vibra

tions applied while coating will change the drying conditions.
There are three phases in the drying of a coated sheet, and in
the first two of these phases the particles are mobile to some
extent.

A physical disturbance during drying may change the

orientation and particle packing of the coating solution.

It

may also affect the movement of the most mobile particles;
the adhesive (binder).

All of this, in turn, could affect the

physical properties of the coated paper, such as gloss, smooth
ness, printability, and coating strength.

THEORETICAL DISCUSSION
There are three areas where we can exercise some control
in coating; 1) coating formulation, 2) the way we apply the
coating, and 3) the properties of the paper base stock (1).
However, Lepoutre goes on to say that once the c6ating is
applied to the paper its structure is already determined.
He says that the only way to alter its structure is by chang
ing the drying and/or calendering conditions, which is limited
to say the least.

If an ultrasonic vibration was applied to

the sheet during setting and drying, would that not be a change
in the drying conditions?

Lepoutre also elaborates on the

three phases of drying in applied coatings (1).

As the coat

ing is applied there is a continuous film of water on the sur
face, which makes it glossy.

It is also opaque in phase one

due to the difference in refractive index between clay (1.57)
and the surrounding water (1.33).

The clay plates are nega

tively charged and because of electrostatic forces tend to
align themselves in a parallel orientation.

As water evapo

rates the plates can't move as well until presumably some of
the plates move close enough together to touch.

The coating

is now at the critical solids volume concentration (CSVC)
and as more water evaporates the top particles protrude from
the surface.

Gloss begins to decrease at this point.

This is where the second phase begins.

Surface tension

pulls the particles together until the rearrangement process
is stopped by friction.
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In the third phase the large capillaries in the struc
ture begin to empty and water is replaced by air.

Here the

opacity increases because the refractive index of air (1.00)
is lower than water.

Soon all of the voids lose their water

and the coating is dry.

A large fraction of the coating's

volume is air (25-40%) (1).

On a paper substrate where water

is absorbed into the base stock the three phases pass quickly.
The time it takes for a coating to set once it is applied
to the paper is influenced mostly by these three properties;
amount of internal sizing in the base stock, the water reten
tion of the adhesive, and the percent solids of the .coating
formulation (2).

The water retention properties of the coat

ing should be balanced against the absorbing properties of the
base stock.

This balance will determine which entity will take

up or hold the water in the original mixture.

The percent

solids is important because the coating mixture will solidify
when the solids reach a certain point.

Coatings with high

water retention give a slow setting coating whereas a coating
that gives up water easily sets quickly.

Diehm also says that

alkaline coatings penetrate faster in.to the paper than acid
coatings do (2).
Lepoutre, in one of his other works, discusses particle
packing of clay further (3).

The way that pigment particles

are packed and distribution of air pockets and binder around
the pigments are bound to affect the properties of the coat
ing.

Suppose that the orientation of the clay particles

-3-

parallel to each other and to the surface is increased, this
will increase the packing density.

At this time it is assumed

that many of the functional properties of the coating may
change.

These properties are:

scattering coefficient; gloss,

which may increase; rate of absorption of liquid which may
decrease as a result of reduced void volume and average void
size; ink gloss, may be reduced in increased competition for
ink vehicle from the smaller capiliaries; and the amount of
adhesive required to bind the particles, which may decrease.
Also, for a well deflocculated clay it is assumed that the
combination of the highest gloss and lowest porosity shows
that very efficient parallel oriented packing is achieved
but gloss alone should not be used to judge orientation.
This has been confirmed by x-ray diffraction and electron
microscopy studies (3).

It is also mentioned that shear

during application, surface tension forces during drying, and
the ordered structure already existing in the coating slurry
all help induce orientation of the platelets.

Lepoutre wrote

also that although the coating may maintain its existing (be
fore application) orientation when setting, disturbances may
result in a changed orientation.

He suggests that the addi

tion of an electrolyte to the aqueous dispersion could cause
such a disturbance.

I propose that a physical disturbance

such as ultrasonic vibrations could also cause a changed
orientation.
Many of the physical properties discussed so far are
interrelated, specifically scattering coefficient, gloss,
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and oil absorbency.

However, all three of these character
A measurement of void

istics are related to void volume (3).

volume could prove to be a good check of the other physical
properties with respect to orientation.

High particle orien

tation correlates with low void volume, and both of these fac
tors relate to pick resistance.

Kraske (4} wrote that pore

distribution and internal void volume of coatings can be obtained by several methods:

electron microscopy, mercury intru-

sion, gas permeation, and gas absorption.
particle

Also, the actual

orientation can be analyzed by x-ray diffraction.

It is known that as a coating dries the adhesive particles can get entrained in the capillaries of water and deposited as the water leaves the sheet.

This binder migration

takes the adhesive to the surface of the sheet if it is dried
quickly, and it migrates to the base stock interface if the
paper is too absorbent.

Also, because of its smaller particle

size, starch tends to migrate more than latex.

Binder migra

tion increases as the percent solids of the coating decreases.
It is proposed that keeping drying conditions constant and
using the ultrasonic waves, the binder migration will be
affected.

It shouldn't change the type (direction) of migra

tion, but should either hasten or impede migration of the
binder, depending on conditions.

The K & N ink test is known

to be a fairly reliable judge of binder migration, noting
that an increased adhesive concentration at the outer surface
results in higher ink holdout and migration to the substrate
surface shows decreased ink holdout.
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Heiser and Cullen (5)

relate some physical properties to binder migration.

They

note that IGT pick shows no direct correlation to binder
migration, whereas calendered gloss increases with increas
ing surface pigment concentration, and decreases with increas
ing surface binder concentration.

They also summarize that a

prime factor governing binder migration is the percent solids
of the coating formulation, that is high solids coatings are
less prone to binder migration than low solids coatings (5).
The use of a plastic (polystyrene) pigment will also be
a part of these experiments.

As compared to clay (Sp. Gr.

=

2.58), polystyrene has a low specific gravity (1.05} with
almost identical scattering coefficients (6).

Using a combi

nation of clay and plastic pigment, and taking into account
the weight difference and using much higher brightness of
polystyrene as an indication, I propose to change the dis
tribution of the two pigments in the sheet.

Perhaps the

ultrasonic waves will hasten the gravity settling of the
clay in that short time before it sets up.

This would pro

duce a higher concentration of polystyrene at the surface
of the sheet.

This slight change may be measurable by

brightness measurements or by gloss development upon calen
dering.

Polystyrene pigments have better gloss because they

are thermoplastic and pressure sensitive.

Titanium dioxide

was also used for a re-ason similar to the polystyrene pigment.
Along with a difference in brightness, the Tio2 has a specific
gravity of 3.93 which is much higher than clay.

EXPERIMENTAL PROCEDURES
The first step in the experimental procedures was to
obtain, set up, and test an apparatus capable of delivering
the ultrasonic agitation to the sheet.

The coating formula

tions would then be made up and the draw downs made using a
Meyer Rod and the ultrasonic apparatus.

With the eight coat -:

ing formulations and doing three sets of each, this came to
2 40

total draw downs (ten sheets in each set).

Some sheets

were eliminated because of poor formation or uneven coating
application.

Before any other testing coat weight was checked

on all samples and all that were outside of the range of

23

g/m 2 + 15% were rejected.
As mentioned in the theory section the substrate used
should not absorb the water from the coating too quickly.
This would reduce the setting time to levels that are too
small for this experiment.

Xerox paper was chosen because

it is moderately sized internally and has an adequate amount
of water holdout.
The coating colors needed to be dispersed well to give
a maximum mobility to the particles when the agitation was
applied.
mixer.

The coating batches were dispersed on a high shear

This worked well since the coating solutions were

only about 400 grams each.

The master batch of clay, titan

ium dioxide, and calcium carbonate were dispersed separately
using .05% Dispex and the individual mixtures were put to
gether just before application.
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The draw downs were done on

two separate days with sets one through four the first day,
and five through eight on the second day.

Also, the coating

mixtures were formulated by volume rather than by weight to
discount the large differences in specific gravity between
the polystyrene pigment, clay, and titanium dioxide.

The

following is a summary of the raw materials used:
Hydrasperse #2 Clay
Hydrasheen Delaminated Clay
Albagloss Precipitated Calcium Carbonate
Anatase Titanium Dioxide
Dow 620 SBR Latex
Monsanto Lytron 2503 Plastic Pigment
Dispex Dispersant
Summary of Coating Mixtures Used

Figure 1:

All coatings:
Sample #

10 pph Dow 620 Latex Binder, and 55% solids
Materials Used

% (Basecl oh Volume of Pigment}
100

1

#2 Clay

2

#2 Clay
Plastic Pigment

80
20

3

#2 Clay
TiO
2
#2 Clay
Caco
3
Delaminated Clay

90
10

100

6

Delaminated·Clay
Plastic Pigment

80
20

7

Delaminated Clay
TiO2
Delaminated Clay
Caco
3

90
10

4

5

8
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80
20

80
20

The ultrasonic

apparatus used was obtained from the

Physics Department at Western Michigan.

It consisted of an

oscilloscope, a frequency generator, and three small loud
speakers connected together in parallel.

The loudspeakers

were set in a styrofoam platform giving a level, flat sur
face on which to place the coated sheets.

The draw downs

were made on a draw down board with a clamp and glass sur
face.

A Meyer Rod (#16S} was used to do the draw downs.

This rod was chosen because it gave the heavy coating that
After coating the ten sheets that were to have

was desired.

no ultrasonic treatment the frequency generator was set at
25,000 Hertz with the amplitude set as high as it would go.
A small spring clamp was attached to the top corner of the
sheet of paper making the transfer from the draw down board
to the speaker platform as quick and easy as possible.

With

the apparatus activated the ten draw downs were done at 25,000
Hertz making sure to transfer the coated sheet to the speaker
surfacf .as quickly as possible.

The generator was then ad

justed to 42,000 Hertz and repeated.

The wet paper was left

on the apparatus until the coating was setup and nearly dry
( 3-4 minutes} .
The original intention of the experimental design was
to use the Keegan Coater.

This is a small scale design of

an industrial coater having as its main advantage a continuous
web setup.

It was desired to have a horizontal application

on the web with the speaker apparatus mounted directly under
the application area.

Many problems resulted since the Keegan

had to be modified to accommodate the horizontal application
-9-

rather than the vertical web setup it was designed for.

The

resulting design left a draw of about four feet on the bottom
and with the paper only about eight inches wide it was impos
sible to keep the coated paper from wrinkling, cracking and
breaking.

Therefore, the decision was made to use the draw

down coating method.
The coated paper was allowed to air dry and when all
sheets had been completed the physical testing was begun.
As mentioned earlier in this section the first test was for
coat weight.

The average coat weight was about

23

grams/meter

2

and all sheets qff by more than 15% of this weight were rejected.
The tests that were carried out include:

brightness, opacity,

gloss, K & N ink test, and smoothness (Parker Print Surf).
Porosity was also to be tested but it was found that at such
high coat weights the porosity wasn't varying measurably.
Two samples from four of the sets were sent to a lab for
electron photomicrographs.

In each of the tests at least five

replications were done and an average value was obtained fior
interpretation.
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RESULTS
The results of the physical testing are summarized in
the series of graphs and photos that follow.

The graphs are

set up to plot the particular test versus all of the coating
mixtures.

Each of the coating mixtures is divided into the

three sets of data (no treatment, 25,000 Hz, and 42,000 Hz).
The first four coatings contain #2 Clay as the main consti
tuent.

The second four (coatings five through eight) deals

with the delaminated clay mixtures.

The graphs were set up

to give an opportunity to look for changes between the three
sets of each coating type and between coatings of similar
makeup but different types of clay.

The photos are electron

microscope photos taken at 10,000 x magnification.
From the earlier theoretical discussion there were some
expected results.

One expectation is that the ultrasonic

v�brations would bring about a more even and parallel orien
tation of the particles.

An increase in particle mobility

was also expected on the treated sheets.

This would affect

the orientation bi allowing the particles to settle in a
more orderly fashion, thus increasing the packing density.
Increased particle mobility was also expected to increase
binder migration and bring about pigment migration due to
specific gravity differences.

The pigment migration, speci

fically Clay - Tio2 and Clay-plastic pigment, was to have
been measurable by changes in brightness.
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The gloss and smoothness tests were by far the most
influencial in allowing conclusions to be made.

These find-

ings were backed up by the electron photomicrographs. *
Microscope photographs were taken of coatings two,
seven, and eight.

This was because these sets seemed to

show the most pronounced changes after the ultrasonic treat
ment.

First, we will look at the gloss and smoothness data

of coating #2, which was clay and plastic pigment (See figures
2 and 3} .

By comparing the untreated set to the set with

25,000 Hz applied to it there is a definite decrease in gloss
and an increase in smoothness.

For this set the coating seemed

to respond more to the 25 KHz than the 42 KHz treatment.
The decrease in gloss and increase in smoothness can be
explained by studying the electron microscope photos (Figures
4 and 5) .

*

A special note of thanks to Hans Neubold of Freeport Kaolin Co.,
Gordon, Georgia, for the scanning electron microscope photos.
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Figure 4:
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Coating #2, no treatment

Figure 5:
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Coating #2, 25KHz

The untreated coatings in Figure 4 have a more random
orientation with pigments jutting upward on the surface and
having more peaks and valleys.
treated with ultrasonics.

The coatings in Figure 5 were

They have a definite parallel ori

entation which gives a more uniform appearance.
the increased smoothness readings came from.

This is where

The Parker smooth

ness test uses air which passes much more easily over the treated
sheets because of their more even topography.

The reduction

in gloss is due to a highe+ binder concentration at the surface
of the sheet.
photographs.

This binder migration is quite evident in the
The clay platelets in the µntreated paper (Fig

ure 4) are much more defined and flakey as opposed to those
in Figure 5 which are seemingly cemented together by binder.
The gloss meter bounces light off the surface and measures
the percent that is reflected.

The pigments reflect more

light than the SBR latex binder therefore the more binder
there is at the surface, the lower the gloss.

In other words,

gloss increases with highe� surface pigment concentration (5).
These results can be further demonstrated in coating #8,
delaminated clay and calcium carbonate.

Figures 2 and 3 again

show a reduction in gloss and and increase in smoothness upon
ultrasonic treatment.

By comparing Figure 6 (untreated} to

Figure 7 (treated) we can see improved parallel orientation
with many of the voids covered by pigment or binder.
coating #2 there is a binder migration to the surface.

As in
This

binder migration along with the more even topography, produces
the increased smoothness and decreased gloss.
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Figure 6:
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Coating #8 ' no treatment

Figure 7:
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Coating i8, 42 KHz

Coating #7, delaminated clay and Tio2 , showed a binder
migration away from the surface when treated with ultrasonics.
This can be seen in Figures 8 and 9.

Keep in mind that each

set of three coatings (untreated, 25 KHz, and 42 KHz) were
all produced from the same batch of coating solution so that
the amount of each ingredient remained constant from run to
run.

The obvious absence of much of the binder at the sur

face of the treated sheets (Figure 9} gives more pigment sur
face exposure and the expected increase in gloss in coating
seven (Figure 2, 42 KHz),.
smoothness (Figure 3).

Coating seven showed a decrease in

This may be due to the high specific

gravity of the TiO2 giving it less mobility. Looking again
at Figures 8 and 9 the orientation didn 1 t appear to change
much.

The decrease in smoothness probably is due to the many

cracks and crevices which were exposed when the binder mig�ated
away from the surface.

In coatings two and eight the treatment

showed improved orientation and more binder at the surface,
giving increased smoothness.

However, in coating seven the

orientation change was not enough to offset the loss of binder
at the surface, giving a decrease in smoothness.

The reason

that the binder migration in #7 was the opposite of #2 and #8
is not known, but the effects can be explained.
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Figure 8:
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Coating #7, no treatment

Figure 9:
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Coating #7, 42 KHz

The expected results on the brightness test were not
achieved.

This refers to the possible gravity separation of

clay and plastic pigment, or clay and Tio2. The difference
in brightness was not evident enough to draw any firm conclu
sions.

To do that would require many more replications and

a statistical analysis to find the variance.

Perhaps further

testing in this area should be done with less than the 10 pph
of binder used here (see appendix}.
The results of the K & N ink test were similar.

Since

binder migration is evident in the photographs but does not
show up significantly in the test data, this suggests that
many replications should be done along with a statistical
The K & N ink test data is in

analysis to spot any trends.
the appendix.

The opacity test was used to help indicate changes in
orientation and reduced pores, but due to the heavy coating
that was applied (to give better particle mobility) the opacity
showed little change and no trends were evident.
In further studies I would suggest reducing the number
of variables and doing more replications.
lysis is also recommended.

A statistical ana

The number of coating mixtures

should be reduced to two or three.

Only one frequency should

be used, perhaps 35 KHz which is between the two used here.
The number of tests should also be reduced, maybe using gloss
and smoothness,along with a test for coating strength and
printability.
tion.

These will also help indicate binder. migra""' ·

I would also recommend an additional set of electron
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photornicrographs at a lower magnification to give a better
idea of surface smoothness and topography.
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